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(54) CYCLODEXTRIN POLYMER AND PRODUCTION THEREOF 

(57)Abstract: 

PURPOSE: To obtain the polymer, having cavities of a long depth and useful as an insulating tube for 
electrically conductive polymers and a capsule, etc., for medicines by cross-linking plural cyclodextrin 
units. 

CONSTITUTION: This polymer is obtained by cross-linking 2-1000 cyclodextrin units and comprises 
cross-linking groups thereof, expressed by the formula O-R-0 [R is CH2CH(OH)CH2, CH2, 
C(0-)H-CH2-CH(0-), etc.] and containing oxygen atoms of hydroxyl groups in the two adjacent 
cyclodextrin units. In the polymer, the adjacent cyclodextrin units are mutually cross-linked with the two 
or more cross-linking groups. Furthermore, the polymer is prepared by forming a polytaxane containing 
2-1000 cyclodextrin units, reacting hydroxyl groups of the adjacent cyclodextrin units with a cross-linking 
agent (preferably epichlorohydrin, etc.) and then removing a core substance of the polytaxane. 
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.* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 




[Claim(s)] 

[Claim 1] It is the cyciodextrin polymer characterized by being the cyclodextrin polymer which 
constructed the bridge in the cyclodextrin unit of 2-1000, and for a bridge formation radical being shown 
by -O-R-O- containing the oxygen atom of the hydroxy I group of the cyclodextrin unit of two ******, and 
constructing the bridge by two or more bridge formation radicals between ****** cyclodextrin units. 
[Claim 2] The cyclodextrin polymer according to claim 1 whose -R- of a bridge formation radical is -CH2 
CH(OH) CH2- -CH2- -C(O-) H-CH2-CH(0-)- or -CONPhNCO- 

[Claim 3] The cyclodextrin polymer according to claim 1 or 2 which has the cyclodextrin unit of 2-100. 
[Claim 4] The cyclodextrin unit of an end is the cyclodextrin polymer of claim 1-3 by which some hydroxyl 
groups were permuted by -O-R-X radical (however, X is the hydroxyl group of cyclodextrin, and a 
reactant radical which reacts) given in any 1 term. 

[Claim 5] The cyclodextrin polymer of claim 1-4 chosen from the group which a cyclodextrin unit becomes 

from alpha-cyclodextrin, beta-cyclodextrin, and gamma-cyclodextrin given in any 1 term. 

[Claim 6] The manufacture approach of a cyclodextrin polymer of forming the poly rotaxane containing the 

cyclodextrin of 2-1000, making the hydroxyl group of ****** cyclodextrin reacting with a cross linking 

agent, constructing a bridge, and subsequently removing the heart matter of the poly rotaxane. 

[Ciaim 7] The manufacture approach according to claim 6 of obtaining the poly rotaxane which contains 

the cyclodextrin of 2-1000 by forming the complex of cyclodextrin and a polyethylene-glycol screw amine, 

and subsequently making it reacting with 2,4-dinHxofluorobenzene. 

[Claim 8] The manufacture approach according to claim 6 or 7 chosen from the group which a cross 
linking agent becomes from epichlorohydrin, dibromomethane, a glutaraldehyde, and phenylene 
diisocyanate. 

[Claim 9] The manufacture approach according to claim 7 or 8 of carrying out alkali treatment of the poly 
rotaxane which carried out crosslinking reaction termination, and removing the heart matter of the poly 
rotaxane. 

[Claim 10] The manufacture approach of claim 6-9 chosen from the group which a cyclodextrin unit 
becomes from alpha-cyclodextrin, beta-cyclodextrin, and gamma-cyclodextrin given in any 1 term. 




[Translation done.] 
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[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to a cyclodextrin polymer and its manufacture approach. 
[0002] 

[Description of the Prior Art] Cyclodextrin is the generic name of the maftooligosaccharide which has 
cyclic structure. The main cyclodextrin is what 6, 7, or eight D-glucopyranose residue combined annularly 
by alpha-1 and 4 glycoside linkages, and is called alpha-cyclodextrin, beta -cyclodextrin, and 
gamma-cyclodextrin, respectively. It is also known well that cyclodextrin will form the clathrate compound 
which is the complex which carried out inclusion of the guest compound in the cavity. Furthermore, the 
guest compound by which inclusion may be carried out to cyclodextrin is decided by the magnitude of the 
cavity of cyclodextrin, magnitude of a guest compound, etc. 

[0003] By the way, [Macromolecules, 9(5)701-704, 1976] by which introducing cyclodextrin as a side chain 
of a polymer for the purpose of using the function of cyclodextrin further for insolubilization of 
cyclodextrin is known. Moreover, the bridge formation cyclodextrin which constructed the bridge in two or 
more cyclodextrin for insolubilization of cyclodextrin is also known [food-stuff-industry 2 (29) 30-40 
(1988), JP.59-227906A and 63-314201]. 

[0004] In any case, since cyclodextrin exists independently, change is not in the magnitude and the depth 
of a cavity, and change does not have it in the inclusion ability of cyclodextrin, either. However, it is 
expected that the various clathrate compounds which have the function which is not in the former can be 
formed by carrying out inclusion of a bigger compound and more bigger compounds. 
[0005] 

[Problem(s) to be Solved by the Invention] Then, the purpose of this invention is to arrange two or more 
cyclodextrin regularly and offer the compound which has the cavity where depth is longer than a 
cyclodextrin independent case, and its manufacture approach. 
[0006] 

[Means for Solving the Problem] This invention is the cyclodextrin polymer which constructed the bridge 
in the cyclodextrin unit of 2-1000, and a bridge formation radical is shown by -O-R-O- containing the 
oxygen atom of the hydroxyl group of the cyclodextrin unit of two ******, and it is related with the 
cyclodextrin polymer characterized by constructing the bridge by two or more bridge formation radicals 
between ****** cyclodextrin units. 

[0007] Furthermore, this invention forms the poly rotaxane containing the cyclodextrin of 2-1000, makes 
the hydroxyl group of ****** cyclodextrin react with a cross linking agent, constructs a bridge, and 
relates to the manufacture approach of a cyclodextrin polymer of subsequently removing the heart matter 
of the poly rotaxane. 

[0008] The cyclodextrin polymer of this invention is a compound which constructs a bridge by the bridge 
formation radical in two or more cyclodextrin units, and has the cavity of the depth according to the 
number of cyclodextrin units. The manufacture approach of the cyclodextrin polymer of this invention and 
the example of a cyclodextrin polymer are typically shown in below-mentioned ** 1 . 
[0009] The cyclodextrin polymer of this invention is a cyclodextrin polymer which constructed the bridge 
in the cyclodextrin unit of 2-1000. Although there are few cyclodextrin units, generally manufacture is 
easy the direction. However, by changing manufacture conditions, the cyclodextrin polymer from which the 
number of cyclodextrin units differs can be manufactured, and the number of cyclodextrin units can be 
changed according to the purpose. The cyclodextrin polymer which constructed the bridge in the 
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cyclodextrin unit of ** two to about 100 is suitable for the usual application. 

[0010] The cyclodextrin unit is produced industrially and it is suitable that they are alpha-cyclodextrin, 
beta-cyclodextrin, or gamma-cyclodextrin from a viewpoint that acquisition is easy. However, it can also 
be the cyclodextrin polymer which made the cyclodextrin unit cyclodextrin (the number of 
D-glucopyranose residue is 9-12) with more D-glucopyranose residue than cyclodextrin with less 
D-glucopyranose residue than alpha-cyclodextrin (the number of D-glucopyranose residue is 4 or 5), and 
gamma-cyclodextrin by the purpose of use etc. 

[0011] The bridge formation radical in a cyclodextrin polymer is shown by -O-R-O- containing the oxygen 
atom of the hydroxyl group of the cyclodextrin unit of two ******. As -R- of a bridge formation radical, 
what is used as a bridge formation radical by the conventional cyclodextrin polymer can be used as it is. 
Such a bridge formation radical is indicated by food-stuff-industry 2 (29) 30-40 (1988), JP.59-227906A 
and 63-314201. Furthermore, specifically, -R- can illustrate -CH2 CH(OH) CH2- -CH2-, -C(O-) 
H-CH2-CH(0-)- and -CONPhNCO- In addition, about -C(O-) H-CH2-CH(0-)- arch forming is carried 
out to two oxygen atoms of one cyclodextrin unit and it is expressed -O-C(O-) H-CH2-CH(0-)-0- as 
-O-R-O- 

[0012] The case where — R— of bridge formation radical— O— R— O— is — CH2 CHCOH) CH2— is shown in 
following ** 1. ** 1 is a scheme which shows the synthesis method of the cyclodextrin polymer of this 
invention typically. However, in ** 1, the oxygen atom in -O-R-O- is not shown but only -CH2 CH(OH) 
CH2- is indicated. 



[0013] 
[Formula 1] 




[0014] It changes with the number of D-glucopyranose residue with which the number which a bridge 
formation radical exists between [ two or more ] ****** cyclodextrin units, and an upper limit does not 
have in the number of the bridge formation radicals between ****** cyclodextrin units, and can introduce 
a bridge formation radical also constitutes cyclodextrin. When the ease of manufacture is taken into 
consideration, the number of the bridge formation radicals between **** * * cyclodextrin units is two to 
about six. However, the number of the bridge formation radicals between ****** cyclodextrin units can 
also be referred to or more as seven depending on the purpose of use. Moreover, generally the number of 
bridge formation radicals may change somewhat with locations also about one cyclodextrin polymer 
molecule. In addition, when a bridge formation radical is -O-C(O-) H-CH2-OH(0-)-0- -O-C(O-) 
H-CH2-CH(0-)-0- exists between [ two or more ] ****** cyclodextrin units. 
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[0015] As for the cyclodextrin unit of the end of a cyclodextrin polymer, some hydroxyl groups are 
permuted by -O-R-X radical. However, X is the reactant radical of the below-mentioned cross linking 
agent, for example, is a hydroxyl group, a halogen atom (for example, bromine atom), an aldehyde group, an 
isocyanate radical, etc. Furthermore, the number of -O-R-X radicals is two to about six. However, when 
the number of the bridge formation radicals between cyclodextrin units is seven or more, it may be seven 
or more. 

[0016] The cyclodextrin polymer of this invention forms the poly rotaxane containing the cyclodextrin of 
2-1 000, can make the hydroxyl group of ****** cyclodextrin able to react with a cross linking agent, can 
construct a bridge, and can be manufactured by what the heart matter of the poly rotaxane is 
subsequently removed for. 

[0017] The formation poly rotaxane of the poly rotaxane is the polymer of the union ******** molecule 
(rotaxane) of a rotator (rotar) and a shaft (axile). Therefore, the poly rotaxane prepares a big substituent 
in the both ends of a linear molecule into which many ring compounds got. For example, the complex of 
cyclodextrin and a polyethylene-glycol screw amine (heart matter) can be formed, and the poly rotaxane 
containing the cyclodextrin of 2-1000 can be obtained by subsequently making 2,4-dinitrofluorobenzene 
react with the amino group of the end of a polyethylene-glycol screw amine [Nature (Nature, vol.356, 
P325-327)]. 

[0018] Moreover, it is also possible to use the poly tetrahydrofuran instead of the polyethylene glycol of a 
polyethylene-glycol screw amine, and to form the poly rotaxane [the collection B-14 of the 38th 
macromolecule research presentation meeting (Kobe) lecture summaries]. Moreover, the poly rotaxane can 
be formed even if it uses polyoxetane, polyethylene imide, etc. in addition to the poly tetrahydrofuran. 
[0019] in addition, the number of repeats of the cyclodextrin unit of the cyclodextrin polymer which 
targets molecular weight of heart matter, such as a polyethylene-glycol screw amine, by making it change 
suitably — change **** — things are made. For example, when a polyethylene-glycol screw amine is used 
as the heart matter, the cyclodextrin of one molecule forms the poly rotaxane per 2 ethylene glycol units 
of a polyethylene glycol. In addition, it is known that alpha-CD will form complex most efficiently with PEG 
of molecular weight 600-2000. This complex is stoichiometric mostly (2 ethylene-glycol units: 1CD). 
Moreover, in the case of the poly tetrahydrofuran, there is some width of face with the molecular weight 
of the poly tetrahydrofuran, but cyclodextrin 1 molecule forms a complex to the tetrahydrofuran unit of 
1-1.5. 

[0020] What is used as cross linking agent X-R-X by the conventional cyclodextrin polymer can be used 
for bridge formation of the cyclodextrin in which crosslinking reaction poly rotaxane was formed, as it is. 
Here, X is the hydroxyl group of cyclodextrin, and a reactant radical which reacts, for example, is a 
hydroxyl group, a halogen atom (for example, bromine atom), an aldehyde group, an isocyanate radical, etc. 
Moreover, R is an organic radical, for example, can mention the aliphatic hydrocarbon radical which is not 
permuted [ a permutation or ], for example, an alkylene group, and the aromatic hydrocarbon radical which 
is not permuted [ a permutation or ], for example, a phenylene group etc. As an example of a cross linking 
agent, epichlorohydrin, dibromomethane, a glutaraldehyde, phenylene diisocyanate, etc. can be illustrated, 
for example. Moreover, the conditions of crosslinking reaction can also use the conventional approach as it 
is. For example, when using epichlorohydrin as a cross linking agent, crosslinking reaction can be 
performed by dissolving the poly rotaxane in an alkali water solution, adding epichlorohydrin in this water 
solution, and stirring at a room temperature. 

[0021] after carrying out crosslinking reaction termination — ** of the end of the heart matter of the poly 
rotaxane — the cyclodextrin polymer of this invention can be obtained by removing a high substituent and 
separating a cyclodextrin polymer from the heart matter, for example, ** of the end of the heart matter 
which 2,4-dinitrofluorobenzene was made to react with the amino group of the end of a 
polyethylene-glycol screw amine, and formed it — a high substituent is carrying out alkali treatment, it is 
changed into 2 and 4-JINITO aniline, it is desorbed from it, and, subsequently the polyethylene glycol and 
cyclodextrin polymer which are the heart matter are separated. 

[0022] The obtained cyclodextrin polymer can be washed and a column chromatography etc. can refine it 
further. It is expectable to use the cyclodextrin polymer of this invention for the insulating tube of a 
conductive polymer, the capsule of drugs, an ion channel (drugs), a molecule channel (alternative 
transparency of a molecule), etc. 
[0023] 

[Effect of the Invention] According to this invention, a continuous ****** cyclodextrin polymer can be 
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obtained to the die length of a request of a cyclodextrin unit. 
10024] 

[Example] Hereafter, an example explains this invention further. 

[0025] The synthetic poly rotaxane of example 1 poly rotaxane was prepared based on the publication of 
Nature (Nature, vol.356 T p325-327). The water solution of PEG-BA of molecular weight 1450 was added at 
the room temperature in the saturated water solution of alpha-CD, and the complex of alpha-CD and a 
polyethylene-glycol screw amine (PEG-BA) was formed. Uptake of the obtained complex was carried out 
and it was dried. Subsequently, 2 of an excessive amount (46Eq) and 4-dinitro FUROORO benzene were 
added with dimethylformamide to this complex, and it stirred at the room temperature one whole day and 
night The reaction stopped by adding the ether of an excessive amount and settling a product. The ether 
washed sediment 3 times, and it removed unreacted 2 and 4-dinitro FUROORO benzene, washed them by 
dimethylformamide further, and removed free alpha-CD, PEG-BA, and a dinitro FUROORO phenyl 
derivative. 

[0026] It dissolved in dimethyl sulfoxide (DMSO), and residue was washed with water, and removed the 
water-soluble dinitro FUROORO phenyl derivative in unreacted alpha-CD and a PEG-BA list. Uptake of 
the product was carried out, and it washed and dried with the ether (60% of yield). Finally the column 
chromatography (sephadex G-50, Solvent DMSO) refined the product The product was a pure thing which 
does not contain free alpha-CD, PEG-BA, and a dinitro FUROORO phenyl derivative. Alpha-CD of the 
product was the poly rotaxane (12-13piece). 

[0027] The synthetic above-mentioned poly rotaxane (22.5g) of a cyclodextrin polymer was dissolved in 
the NaOH water solution 10%, and epichlorohydrin (3.84mmol) was added in this water solution. This water 
solution was stirred at the room temperature for 36 hours. HCI was added and this reaction mixture was 
neutralized. The yellow solid-state deposited from ethanol. ** from both ends — in order to remove a high 
stopper, the product was processed by the strong base (25%NaOH) at 45 degrees C for 24 hours. This 
reaction mixture was cooled and, subsequently it neutralized by HCI. 

[0028] Drawing 1 shows the elution diagram (a) of the reaction mixture of 25%NaOH and the poly rotaxane, 
the elution diagram (b) of bridge formation poly rotaxane, and bridge formation poly rotaxane and the 
elution diagram (c) of the reaction mixture of 25%NaOH. The bridge formation product was eluted for the 
volume of an exclusion limit like the poly rotaxane. Two peaks were observed, after having processed the 
poly rotaxane by NaOH 25%, and neutralizing the obtained water solution before constructing a bridge. It is 
identification **** in case of alpha-CD which one peak was detected only by UV (360nm) T it was identified 
that it is a dinitrophenyl radical (DNP), and the peak of another side was detected only by the rotatory 
polarization, and carried out advantageous from the poly rotaxane. It is identification ****, when two 
peaks are observed, (c) and one are eluted for the volume of an exclusion limit, it is detected only by the 
rotatory polarization and it is the cyclodextrin polymer which is a product, after processing a bridge 
formation product by the strong base. It was identified that the 2nd peak and it are the ** dinitrophenyl 
radicals (DNP) detected only by UV (360nm). 

[0029] Drawing 2 shows the elution diagram in the sephadex G-100 (exclusion limits 4000-100000) of a 
cyclodextrin polymer. It combines and a dextran (molecular weight 20000) and the elution diagram of 
alpha-CD are also shown. Elution of the cyclodextrin polymer was carried out immediately after the 
dextran, and it was shown that average molecular weight is smaller than 20000. This value is in agreement 
with the fact that the molecular weight of the cyclodextrin polymer prepared using the polyethylene glycol 
(PEG) of molecular weight 1450 is about 17000. The yield of an end product was 92%. An 
elemental-analysis result is shown below. 

Actual measurement (calculated value which has three bridge formation between CDs) 
C45H72033(H2 0)2 ):C,45.88(45.92);H,6.67(6.51) 

[0030] Although the product is meltable to water, DMF, and dimethyl sulfoxide (DMSO), the poly rotaxane 
is insoluble to water and DMF, and meltable to DMSO. A product is 1H. NMR, 13C Character rye ZESHON 
was performed by NMR, IR, UV spectrum, and GPC. They are the inside of heavy water, and DMSOd6 to 
drawing 3 R> 3. Inner cyclodextrin polymer 1 H NMR is shown. 1H NMR and 13C An NMR spectrum is H1 
which CD, bridge formation, and bridge formation have. It is shown that a proton can be observed. All the 
peaks of 1HNMR spectrum were broadcloth-ized, and it was shown that a product is a polymer. 
[0031] It is the solution of a cyclodextrin polymer KI-I2 If it adds in a solution (pearl yellow), the solution 
will change to deep red immediately, and it is an alpha— CD solution KI— KSUB^2 Even rf it adds in a 
solution, nothing happens. Drawing 4 shows the absorption spectrum of existence of alpha-CD and a 
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cyclodextrin polymer or the alpha-CD solution under absent, addition of alpha-CD — the maximum 
absorption location — it changed a few and absorption also increased a little. Addition of the cyclodextrin 
polymer observed tailing which shifts the maximum absorption location to a long wavelength side, and 
exceeds 500nm. Addition of alpha-CD which constructed the bridge by epichlorohydrin at random did not 
look at a visible change. These results show that I3-ion was located in a line in the tube of a cyclodextrin 
polymer at the line. A shift is not so large compared with an amylose and it of an iodide, however is 
comparable as an amylopectin and it of the Pori iodide. In the case of 1 to 1 (CD unit and I3-), change of 
a spectrum became max. 



[Translation done.] 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

"I.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 




DESCRIPTION OF DRAWINGS 




[Brief Description of the Drawings] 

("Drawing 11 The elution diagram (a) of 25%NaOH on sephadex G-25 and the reaction mixture of the poly 
rotaxane, the elution diagram (b) of bridge formation poly rotaxane, and bridge formation poly rotaxane and 
the elution diagram (c) of the reaction mixture of 25%NaOH are shown. 

["Drawing 2] The elution diagram of the cyclodextrin polymer of the example in sephadex G-100 (exclusion 
limits 4000-100000), a dextran (molecular weight 20000), and the elution diagram of alpha-CD are shown. 
["Drawing 31 Cyclodextrin polymer of an example 1H An NMR spectrum is shown. 
[Drawing 41 KI-I2 under existence of the cyclodextrin polymer of an example, or un-existing The 
absorption spectrum of a solution is shown. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DRAWINGS 
[Drawing 11 
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